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Abstract: We review entomological aspects of the rearing of muga silkworms (Antheraea assamensis) and eri silkworms (Samia 
ricini) from egg to adult in northeast India with the aim of harvesting cocoons for silk. Rearing of the latter species, ericulture, 
is also practiced to provide pupae for human consumption among tribal peoples in rural villages. Muga silkworms are reared 
outdoors and are subject to a large number of biotic and abiotic challenges such as parasitoids and predators, resulting in major 
losses of the crop. Eri silkworms are reared indoors and suffer far fewer losses. Based on our recent observations and early 
literature, many of the practices we observed in these two forms of sericulture have not changed in more than two hundred years. 
The notion of peace silk (silk production without killing the pupae) is discredited, but we conclude that the production of eri silk 


is environmentally friendly. 
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INTRODUCTION 


Tibeto-Burman peoples developed muga silk and eri 
silk industries, based on the the mass rearing of the tropical 
saturniid moths Antheraea assamensis (Helfer) and Samia ricini 
(Wm. Jones), thousands of years ago centered in what is now 
northeast India. These practices continue today, supported by 
the Central Silk Board, an agency of the federal government of 
India (Chowdhury, 1981, 1982; Jaiswal et al., 2009; Mazumdar, 
2013; Singh et al., 2013). These two species are categorized 
as wild silkworms, in contrast to the domestic silkworm 
(Bombyx mori). In 2017 we visited Assam and Meghalaya to 
study mugaculture and ericulture. In this paper, we focus on 
the sericultural and entomological aspects of these two species 
including their life-cycles, ecology, and habitats. We compile 
and review published information in addition to including new 
observations. 


MATERIALS AND METHODS 


We traveled to Assam from 21-31 May 2017. With the 
assistance of local sericulturists, we visited several villages 
to observe the rearing operations of the wild silkworms. The 
people we met in the state of Meghalaya belong to the Khasi 
tribe. The people in the state of Assam who showed us their 
rearing operations are primarily from the Tai-Ahom tribe. We 
visited the Nongtluh Women Weaving Cooperative Society, 
in Umden, Ribhoi District, Meghalaya, and the following 
places in Assam: Patsaku village, Sericulture Training Institute 
in Titabar, Muga Village Grainage Reserves in Sualkuchi, 


Harmohan Silk Factory in Sualkuchi, and several small villages 
near Titabar and Dibrugarh. In addition, in early June we visited 
the Central Tasar Research & Training Institute, in Ranchi, 
Jharkhand, where another wild silk, namely tasar, which is 
based on Antheraea paphia (Linnaeus) (=A. mylitta (Drury)), 
is harvested. For details on the nomenclature and taxonomy of 
that silkmoth see d’Abrera (2012) and Peigler and Naumann 
(2016). Unfortunately, no moths or larvae of A. paphia could 
be observed by us in Jharkhand in early June, because those 
rearing operations do not begin until late June. Therefore, 
entomological aspects of tasar culture are not included in this 
report. 

Photographs were taken with a Canon SX720 HS (40x 
optical zoom; 20.3 mega pixels) digital camera. Some of the 
textiles that we purchased from the weavers and nearby shops 
and empty cocoons were deposited into the entomological 
collections of Sam Houston State University Natural History 
Collections (Huntsville, Texas), Stefan Naumann (Berlin, 
Germany), and Musée des Confluences (Lyon, France). The 
Assamese names we cite for mugaculture were given by Phukan 
and Chowdhury (2006) and Singh et al. (2013). 


RESULTS AND DISCUSSION 


Muga sericulture. One of the earliest published reports of 
mugaculture was given by Hugon (1837), who provided a 
detailed account of how the muga farmers (‘muga sungia’) 
handled the various life stages of Antheraea assamensis. Our 
observations in Assam showed that most of the basic procedures 
of this sericulture have remained unchanged for almost two 
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Fig. 1. Muga silkworms (Antheraea assamensis) descending trunk of 
a defoliated som (Machilus gamblei), blocked by 'gari bandh' (banana 
leaf), and accumulating on 'chandali' (woven bamboo tray), to be 
transferred to another tree. 


IA e 
Fig. 2. Muga silkworms on 'chandali', a triangular bamboo tray. 


centuries. In general, the practice is similar to that for tussah 
sericulture based on rearing Antheraea pernyi (Guérin- 
Méneville), as observed by the second author in Liaoning 
Province, China, in June 2008. In tussah sericulture, cocoons 
and adults are kept in captivity, the resulting eggs are placed 
outdoors on oaks (Quercus), and mature larvae are then brought 
back into captivity to spin cocoons. In mugaculture this method 
of outdoor rearing provides an abundance of fresh leaves for the 
silkworms, enabling them to attain maximum size and produce 
large cocoons. However, with outdoor rearing the larvae are 
exposed to numerous natural enemies such as parasitoids and 
predators. Moreover, these muga silkworms are vulnerable to 
drift from insecticides applied in the nearby tea plantations and 
to chemical pollution in the air from the oil and gas industry 
(Phukan, 2010). 

The primary hostplants of A. assamensis are in the family 
Lauraceae, and are mainly Machilus gamblei (=bombycina) 
and Litsea monopetala, of which the Assamese names are ‘som’ 
and ‘soalu’, respectively. Quantitative studies have shown that 
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Fig. 3. Muga silkmoths tied to 'khorika' (bundles of straw) for mating 
and oviposition. 


'dhenu', a bow used to shoot 'batalu guti' (clay pellets) at birds that 
attack his muga silkworms. 


larger muga cocoons are obtained by rearing with M. gamblei as 
compared with L. monopetala (Saikia, 2012: table 6.2), although 
Zethner et al. (2012) stated the opposite. In Upper Assam the 
M. gamblei we observed were tall and slender trees, growing in 
small patches of forest surrounded by crops that were mostly 
rice and tea. At the Muga Village Grainage Reserves in Lower 
Assam, several trees of M. gamblei and L. monopetala were 
planted in rows, and such plantations of muga food trees are 
called ‘sumoni’. Plantation trees were heavily pruned resulting 
in short trees with thick trunks and many smaller branches, over 
which large nets could be placed to protect muga silkworms. 
Use of nets in muga culture is called ‘chawki’ rearing. 

If caterpillars completely defoliate a tree, they descend the 
trunk and congregate on triangular bamboo trays of various 
sizes (‘chendelai’, ‘chandali’, or ‘chaloni’) hung on the trunk 
about 1 m above the ground (Figs. 1, 2). A banana leaf (‘gari 
bandh’) is wrapped around the trunk to stop the larvae from 
reaching the ground, as they cannot cling to its smooth surface. 
The farmers then hang the racks on other trees, and the larvae 
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ascend to feed. Fully mature larvae (‘bharpok’) again descend 
the trunks, at which time they are taken indoors and placed in 
large bundles (‘jali’) of dried twigs and leaves in which they 
spin their cocoons. If the banana leaf or other barrier is not 
present, larvae will apparently form cocoons in dead leaves at 
ground level, making them difficult for the rearers to find. Most 
of the mature caterpillars of the North American Antheraea 
polyphemus (Cramer) also descend the trunks of their hostplants 
and spin cocoons at ground level, as observed by Wagner and 
Mayfield (1980) in Michigan and by Peigler in South Carolina 
and Colorado. 

Adults emerge in large bamboo cages (‘pera’) and females 
are tied to thin bundles of straw (‘khorika’ or ‘kharika’) with 
sewing thread, allowed to mate with captive males (Fig. 3), 
and then they oviposit onto the bundles which are later hung 
in the host trees after the eggs begin to hatch. In contrast to 
the traditional ‘khorika’, a nylon oviposition pouch is a recent 
innovation that increases the amount of eggs laid by each female 
and the percentage of eggs that hatch (Singh et al., 2013). 

Muga silkmoth eggs largely escape egg parasitoids 
(Hymenoptera: Chalcidoidea) because they are kept indoors 
until hatching commences. Keeping larvae indoors on cut 
food until they reach the second instar (also called ‘chawki’ 
rearing) also greatly reduces loss to natural enemies and 
abiotic factors such as heavy rains. However, once they are 
placed outdoors to feed on the trees, many larvae are lost to 
‘uzi’ flies (a name used to refer to several species of Tachinidae 
that attack domestic and wild silkworms all over eastern Asia), 
braconids, and ichneumon wasps (Peigler, 1996), and predators 
such as spiders, ants (Formicidae), wasps (Vespidae), stink 
bugs (Pentatomidae), and mantises (Mantodea). Before placing 
muga silkworms on trees, the rearers eliminate ants as much as 
possible by placing baits with poison at the base of the trees. 
However, the muga farmers have little success in controlling 
most of the natural enemies, whereas the tussah silk farmers 
in Liaoning have made significant progress in controlling ‘uzi’ 
flies and other natural enemies (Peigler, pers. obs). 

Birds are another threat to muga caterpillars. Saikia et al. 
(2014) recorded 54 species of birds in 22 families attacking 
muga silkworms. To reduce losses to avian predation, muga 
farmers use bows (‘dhenu’) and sling shots with which they 
shoot dried clay pellets (‘batalu guti’) into the trees to deter birds 
(Fig. 4), these mud pellets carried in a small basket (‘khoong’ 
or ‘khurung’). Similar methods to deter birds are used in China 
for culturing tussah silkworms (Qin, 2011), and farther south in 
India, bows are used to shoot pellets at birds and bats to protect 
tasar silkworms feeding openly on trees (CSB, 2010; Zethner 
et al., 2012). 

In addition to the vertebrate and invertebrate predators that 
attack muga silkworms, certain bacterial and viral pathogens 
sometimes cause heavy losses of the crop by killing many 
caterpillars. However, currently, the largest threat to mugaculture 
is insecticides. About 98% of all the tea grown in Assam is 
treated with insecticides (only 2% is grown organically), and 
when sprayed onto the tea bushes, those insecticides sometimes 
drift onto the trees holding muga silkworms, many of which 
fall to the ground and die (Phukan, 2010). Some muga farming 
districts are highly prone to flooding during the monsoon. The 
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increasing activities of local petroleum industries are thought 
to have introduced pollutants in the soil, water, and air that 
may have a detrimental impact on muga silkworms and their 
foodplants. In a discussion of Bombyx mori (Linnaeus) and 
mulberry (Morus), Lu (1991) stated that the principal air-borne 
pollutants from such industries are sulphur dioxide, hydrogen 
fluoride, and chlorine. These chemicals damage the leaves of 
the hostplants and render them toxic to caterpillars that feed 
on them. Development of artificial diets and indoor rearing 
technology offer the best prospects for solving these problems 
(Saikia & Hazarika, 2015a, b). 

Cocoons that will be kept to perpetuate the cultures are 
termed “seed cocoons” or grainage. These cocoons are kept 
indoors in racks or are strung onto garlands that are hung high 
enough above the floor to avoid attacks from ants, rats, and 
mice (Singh et al., 2013). A significant parasitoid of Antheraea 
assamensis is Xanthopimpla konowi Krieger (Ichneumonidae), 
but the wasps attack host pupae in their cocoons, so by keeping 
cocoons indoors the muga rearers are able to minimize losses 
to this pest. In Lower Assam, muga farmers obtain eggs or seed 
cocoons from centers like the Muga Village Grainage Reserves 
in Sualkuchi that distributes livestock free of charge, since 
this service is supported by government funds. In mugaculture 
there are six generations annually, as opposed to three or 
four in wild populations of A. assamensis. These generations 
differ significantly, inasmuch as only the spring and autumn 
generations are used to produce a commercial crop of cocoons, 
in May to June and October to November. The second and fifth 
generations in March to April and August to September are 
only used as “seed” to maintain and increase the cultures (CSB, 
2010; Phukan, 2010; Singh et al., 2013). Seed cocoons are 
usually transported in vehicles at night to avoid overheating, 
and they are carefully packed to prevent damage to the pupae 
(Zethner et al., 2012). 

Mugaculture is carried out in the lowlands (Brahmaputra 
river valley) and in the nearby foothills, but wild populations 
of the moths are found in the foothills and can apparently fly 
to females in the lowlands. Although most matings in captivity 
involve captive males, we hypothesize that enough wild 
males come to captive females to prevent the appearance of 
distinct cultivated strains of A. assamensis. If muga farmers 
and sericulture researchers wish to develop improved strains 
of this silkworm, it will therefore be necessary to prevent 
mating of captive female moths with wild males. In spite of 
this mixing of cultivated and wild populations, a few so-called 
“pedigreed strains” of muga silkmoths have been developed at 
the sericultural research station in Sibsagar, Assam (Zethner et 
al., 2012). 


Eri sericulture. Samia ricini only exists in captivity, derived 
from its wild progenitor Samia canningi (Hutton), a species 
that flies primarily in the foothills and mountains of the sub- 
Himalayan region, although it is also found in river valleys 
(lowlands). Although eri silk is produced in Brazil, Vietnam, 
Bangladesh, Ethiopia, and several other countries on small 
scales, most ericulture is carried out in the northeast of India, 
primarily in Assam and Meghalaya. Samia ricini is multivoltine, 
so that five to six crops can be reared each year. By contrast, 
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Fig. 5. Bunch rearing of mature eri silkworms (Samia ricini) on ‘arund' 
leaves (Ricinus communis) in Assam. The larvae display the bluish 
green plain and yellow plain phenotypes. 


Fig. 6. Tray rearing of eri silkworms indoors on cut leaves of 'payam' 
(Tetradium fraxinifolium) in Meghalaya by Khasi people. The larvae 
display the bluish green plain and yellow plain phenotypes. 


its ancestral species S. canningi has only three generations per 
year in northeast India and bordering countries, beginning with 
flights in April and May (Peigler & Naumann, 2003). 

The main food used to rear eri silkworms is Castor 
(Ricinus communis) (Fig. 5), commonly called ‘arund’ or ‘eri’ 
in northeast India. In one village we visited in Meghalaya we 
noted that the foodplant being used was Tetradium fraxinifolium 
(Fig. 6), called “‘payam’ by Khasi and Assamese people. This 
latter tree is referred to as its synonym Evodia fraxinifolia in 
virtually all of the sericulture and entomological literature 
(e.g., Chowdhury, 1982; CSB, 2010; Javali, 2012). There are 
several eco-races of eri silkmoths, and the one we observed in 
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Umden, Meghalaya, is called “Nongpoh pale cream” referring 
to the color of the finished yarns and textiles (Jaiswal et al., 
2009). Those larvae display the yellow and bluish green plain 
phenotypes (Nath et al., 2017). We did not see any of the spotted 
or zebra phenotypes of eri silkworms anywhere in Assam and 
Meghalaya, but several eco-races of S. ricini are cultured in 
those two states. 

As is the case for Bombyx mori, moths of Samia ricini 
do not fly, a trait resulting from centuries of domestication. 
However, the females of eri silkmoths are tied with string 
to an open wooden rack (Fig. 7) or a straw bundle (called 
‘kharika’ by Chowdhury, 1982; compare to names given above 
for mugaculture) and males are introduced to permit matings. 
When the eggs hatch, the larvae are placed in flat baskets with 
cut leaves of Castor or another foodplant or onto a bunch of 
Castor leaves hung on a bar (Fig. 5); these two methods of 
rearing eri silkworms are called tray rearing and bunch rearing, 
respectively (Zethner et al., 2012). A third technique for rearing 
is platform rearing (CSB, 2010). The caterpillars are always 
reared indoors, usually in homes of rural areas, but also in 
large rearing houses up to 50 m°. The rearing houses must have 
windows for ventilation and daylight, but these are fitted with 
nylon netting to prevent entry of natural enemies, especially uzi 
flies. In homes, larvae reared in trays or bunches are also often 
covered with nylon netting to keep out uzi flies. Even when 
reared indoors, the eri silkworms are subject to attack by ants 
climbing up the legs of the racks upon which they are placed. 
We observed that rearers combat this by placing the legs in small 
dishes of water creating a moat-like system, so that the ants 
are unable to travel up the legs. In the rearing houses mature 
larvae are transferred by hand to a woven basket (‘chandraki’ 
or ‘chandrike’) (Fig. 8) in which cocoons are spun, much like 
the round baskets widely used for B. mori. In other places 
we saw mature larvae being placed in bundles (‘jali’) of dry 
leaves in which they spin their cocoons. Because eri silkworms 
are always reared indoors, they are infrequently destroyed by 
parasitoids and predators, in contrast to muga silkworms of 
which the majority are lost during outdoor rearing to various 
mortality factors. Due to their long history of domestication, eri 
silkworms are more resistant to pathogens (Chowdhury, 1982), 
compared to muga silkworms. For foliage feeding Lepidoptera 
in general, optimal growth of caterpillars is correlated with 
water content of the foodplant, but eri silkworms, like B. mori, 
appear to be well adapted to feeding on cut foodplant that has 
partially desiccated. Larger cocoons might perhaps be obtained 
if the leaves or stems of the foodplants were inserted into bottles 
of water, but this would represent a major change in rearing 
procedures that have been used for centuries. 

In Meghalaya we visited a sericulture station where eri 
silkworms were being mass reared (Fig. 6) to produce eggs that 
are distributed free of charge to anyone wishing to rear them. 
These eri seed grainages are supported by the state and federal 
governments, and the function is not to produce cocoons, but 
only eggs. Most eri silkworms are reared in smaller numbers 
(probably a few hundred at a time) in the homes of farmers, 
weavers, and other people primarily as a source of human food. 
The pupae provide a significant source of protein for thousands 
of people in the region, so that the cocoons are considered a 
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Fig. 7. Eri silkmoths tied to a wooden rack for mating and oviposition 
in Assam. 


Fig. 8. 'Chandraki', a basket in which mature eri silkworms form their 
cocoons, photographed in Meghalaya. 
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by-product. This point was noted by Chowdhury (1982) in the 
introduction section of his book. When we asked Dr. A. K. 
Sinha, who works with tasar sericulture in Jharkhand, about the 
potential to introduce ericulture into other parts of India to the 
south and west of Assam, he pointed out that most people who 
rear eri silkworms do so to eat the pupae, so ericulture meets 
with limited success where the rearers do not eat the pupae. 
Moreover, the climate in many parts of India is too hot and 
dry to support ericulture, although the Castor is widely grown 
commercially in several parts of India for castor oil, so foliage 
would be easily available to eri silk rearers. We believe that 
if rearing houses could be designed to provide conditions that 
are cooler and with higher relative humidity than outdoors, 
ericulture would be feasible and profitable in the Deccan 
plateau and other areas. 

Eri silk is commonly promoted as ‘ahimsa’ silk (“peace 
silk’), employing terms such as non-violent and cruelty-free. 
This notion is based on the fact that it is not necessary to kill 
the pupae in order to use the cocoons for silk, since cocoons 
have pre-formed exits (made by the caterpillar) and eri silk is 
almost always spun and only rarely reeled. However, because 
the moths cannot fly they are never released, and the great 
majority of the pupae are eaten by humans. Eri silk pupae are 
also converted into biodiesel fuel (Sharma & Ganguly, 2011). 
We therefore believe that the concept of peace silk is invalid 
for Samia ricini and is used as a marketing strategy to appeal 
to consumers. Nevertheless, we note that eri silk is a very 
environmentally friendly fiber, compared to cotton that requires 
a lot of irrigation, or wool from sheep that have a significant 
environmental impact, or synthetic fibers that are made of 
hydrocarbons derived from fossil fuels (D. Barooah, pers. 
comm.) 


CONCLUSIONS 


In the market for muga silk, demand always exceeds 
the supply, which keeps prices high (Phukan, 2010; Saikia, 
2012). However, the muga silk industry continues to face 
challenges on many fronts, and this form of sericulture might 
not survive unless technology can be developed and, crucially, 
implemented to enable the farmers to rear the larvae indoors on 
cut branches of the foodplant inserted in bottles of water or with 
artificial diets. In nature, caterpillars of Antheraea assamensis 
are dispersed widely and sparsely on many trees, whereas 
in mugaculture the large number of caterpillars on a single 
foodplant inevitably attracts natural enemies. This situation is 
akin to agricultural monoculture in which large concentrations 
of crop plants attract pests, with the difference being that there 
is no easy solution such as pesticide application. Finally, many 
young Assamese are not interested in continuing the tradition 
of muga farming of their parents and grandparents, because 
the industry does not project a favorable image as it is work- 
intensive, complex and provides a low financial incentive 
(Phukan, 2010). There are contradictory claims about the 
status of mugaculture. For example, Phukan and Chowdhury 
(2006) wrote that annual production of raw muga silk has been 
stagnating around 90 tonnes in recent years. However, in the 
Preface to their large book on mugaculture, Singh et al. (2013: 


17 


18 


TROP. LEPID. RES., 28(1): 13-18, 2018 


vil) stated that “Tremendous progress has been made in the 
past decade in the field of muga sericulture research. Muga silk 
production is increasing progressively from the last ten years.” 

As for the eri silk industry, it is growing annually, largely 
due to innovative research and development in processing of 
eri silk and weaving textiles, plus creation of new markets 
for eri silk beyond traditional ones, now even reaching high- 
end international clients (CSB, 2010). These factors are 
currently providing a greater incentive for the thousands of 
people in northeast India who rear eri silkworms to produce 
more cocoons. Local companies are paying higher prices to 
rearers and have a higher demand, in addition to supplying 
weavers with high quality yarn so that weaving has become 
easier and faster, resulting in textiles higher in quality (Javali, 
2012, Zethner et al., 2012). Social justice policies of poverty 
alleviation and fair trade thereby contribute to the success of 
companies (D. Barooah, pers. comm.). 
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